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27, 2003, which is hereby incorporated by reference herein in 
its entirety. 
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FIELD OF THE INVENTION 

The present invention relates generally to electronic 
memory configurations and, more particularly, to a high speed 
non-volatile electronic memory configuration and method. 



BACKGROUND OF THE INVENTION 

A critical requirement in many electronic system designs is 
an ability to retrieve data that has been saved in electronic 
memory configuration when a power failure or other power 
20 reduction event occurs. Such a power reduction event may occur, 
for example, as a result of a total system power failure or 
merely a temporary drop in a specified system power level. In 
any event, such a power reduction event typically causes data 
that has been stored in an electronic memory configuration to be 
lost, unless the electronic memory configuration is a non- 
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volatile electronic memory configuration. However, non-volatile 
electronic memory configurations are typically very expensive 
and/or too slow to accommodate data storage requirements. 
Regarding the latter, flash memory devices, for example, are 
non-volatile in nature, but the speed at which they store data 
is too slow to be used as a primary memory in most high-speed 
electronic systems. Regarding the former, non-volatile 

electronic memory configurations typically require multiple 
components, some of which are typically very costly price-wise, 
while the combination of which are typically very costly in 
terms of physical circuit board space. 

For example, referring to Figure 1, there is shown a 
conventional non-volatile electronic memory configuration 100 
comprising a high speed, low power, static random access memory 
device (SRAM) 102, a signal switch 104, a power switch 106, a 
voltage detector 108, and an auxiliary power source 110. The 
configuration 100 operates by allowing data to be stored in the 
SRAM 102 using a data bus (D) , an address bus (A) , a read/write 
control signal (R/W) , and a chip select control signal (CS) in a 
conventional manner when a power supply (Vdd) is within a 
typical operating voltage range (e.g., 4.9 - 5.1 volts). In 
such a case, the voltage detector 108 detects that the power 
supply (Vdd) is within the typical operating voltage range 
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(e.g., 4.9 - 5-1 volts) and controls the power switch 106 such 
that it is configured to connect the power supply (Vdd) to the 
SRAM 102. In this case, the voltage detector 108 also controls 
the signal switch 104 such that it is configured to connect the 
5 chip select control signal (CS) to the SRAM 102. 

However, when the voltage detector 108 detects that the 
power supply (Vdd) is outside of the typical operating voltage 
range (e.g., 4.9 - 5.1 volts), it controls the power switch 106 
such that it is configured to connect the auxiliary power source 
10 110 to the SRAM 102, thereby allowing previously stored data to 
be retained in the SRAM 102. In this case, the voltage detector 
108 also controls the signal switch 104 such that it is 
configured to disconnect the chip select control signal (CS) 
from the SRAM 102, thereby preventing corrupt data from being 

15 written to the SRAM 102 . 

The configuration 100 obviously requires multiple 
components, of which most are typically very expensive. For 
example, the SRAM 102 is much more expensive than a dynamic 
random access memory device (DRAM) of comparable storage size. 

20 Also, the auxiliary power source 110 typically comprises an 
expensive battery or very large capacitor, or both, for 
providing auxiliary power. Further, batteries have only a 
limited life, and capacitors typically degrade over time. 
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Additionally, the combination of all of these components 
typically consume considerable physical circuit board space. 

in view of the foregoing, it would be desirable to provide 
a high speed non-volatile electronic memory configuration which 
overcomes the above -de scribed inadequacies and shortcomings in 
an efficient and cost effective manner. 

SUMMARY OF THE INVENTION 

According to the present invention, a high speed non- 
volatile electronic memory configuration and method is provided, 
in one particular exemplary embodiment, the high speed non- 
volatile electronic memory configuration may be realized 
comprising a high speed volatile memory, a non-volatile memory 
coupled to the high speed volatile memory, a controller coupled 
to the high speed volatile memory and the non-volatile memory, 
and a power level detector that detects when power is above a 
particular minimum operating voltage level. The controller 
monitors data storage changes made within the high speed 
volatile memory and controls the transfer of stored data from 
the high speed volatile memory to the non-volatile memory, and 
vice-versa, when power is above the particular minimum operating 
voltage level . 
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In accordance with other aspects of this particular 
exemplary embodiment of the present invention, the configuration 
may further beneficially comprise a power storage element that 
stores transient power for use by the high speed volatile 
memory, the non-volatile memory, and/or the controller when 
power is below the particular minimum operating voltage level. 
If such is the case, the controller may then beneficially 
control the transfer of stored data from the high speed volatile 
memory to the non-volatile memory for a limited period of time 
using the transient power stored by the power storage element 
when power is below the particular minimum operating voltage 
level. The power storage element may beneficially comprise bulk 
capacitance having a value in the hundreds of microfarads. 

In accordance with further aspects of this particular 
exemplary embodiment of the present invention, the high speed 
volatile memory may beneficially comprise a high speed dynamic 
random access memory. If such is the case, the high speed 
volatile memory may beneficially be a high speed, dual port, 
dynamic random access memory, wherein the controller is coupled 
to a first port of the high speed, dual port, dynamic random 
access memory, and wherein both the controller and the non- 
volatile memory are coupled to a second port of the high speed, 
dual port, dynamic random access memory. 
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In accordance with additional aspects of this particular 

exemplary embodiment of the present invention, the high speed 

volatile memory may beneficially be a high speed, dual port, 

volatile memory, wherein the controller is coupled to a first 

port of the high speed, dual port, volatile memory, and wherein 

both the controller and the non-volatile memory are coupled to a 

second port of the high speed, dual port, volatile memory. 

In accordance with still other aspects of this particular 

exemplary embodiment of the present invention, the non-volatile 

memory may beneficially be a low speed non-volatile memory 

relative to the high speed volatile memory. The non-volatile 

memory may beneficially be a non-volatile flash memory. 

In accordance with still further aspects of this particular 

exemplary embodiment of the present invention, the controller 

may beneficially be, for example, a microprocessor, a 

microcontroller, a programmable processing device, or a fixed 

function processing device. The controller may beneficially 

prevent the transfer of stored data from the high speed volatile 

memory to the non-volatile memory, and vice-versa, when power is 

below the particular minimum operating voltage level. Also, the 

controller may beneficially control the transfer of stored data 

from the non-volatile memory to the high speed volatile memory 

immediately following a restoration of power to above the 
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particular minimum operating voltage level. The power level 
detector may beneficially provide an indication to the 
controller that power is above the particular minimum operating 
voltage level . 

5 in another particular exemplary embodiment, the present 

invention may be realized as a method for storing data 
comprising monitoring data storage changes made within a high 
speed volatile memory, permitting stored data to be transferred 
from the high speed volatile memory to a non-volatile memory, 

10 and vice-versa, based upon the monitored data storage changes 
when power is above a particular minimum operating voltage 
level, and preventing stored data to be transferred from the 
high speed volatile memory to the non-volatile memory, and vice- 
versa, when power is below the particular minimum operating 

15 voltage level. 

in accordance with other aspects of this particular 
exemplary embodiment of the present invention, the method may 
further beneficially comprise detecting when power is above the 
particular minimum operating voltage level. If such is the 

20 case, the method may still further beneficially comprise 
providing an indication that power is above the particular 
minimum operating voltage level. 
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in accordance with further aspects of this particular 
exemplary embodiment of the present invention, the method may 
further beneficially comprise detecting when power is below the 
particular minimum operating voltage level. If such is the 
case, the method may still further beneficially comprise 
providing an indication that power is below the particular 
minimum operating voltage level. The method may then still 
further beneficially comprise providing a transient power when 
power is below the particular minimum operating voltage level, 
and permitting stored data to be transferred from the high speed 
volatile memory to a non-volatile memory based upon the 
monitored data storage changes for a limited period of time 
using the transient power when power is below the particular 
minimum operating voltage level. 

in accordance with further aspects of this particular 
exemplary embodiment of the present invention, the method may 
further beneficially comprise controlling the transfer of stored 
data from the non-volatile memory to the high speed volatile 
memory immediately following a restoration of power to above the 
particular minimum operating voltage level. 

The present invention will now be described in more detail 
with reference to exemplary embodiments thereof as shown in the 
accompanying drawings. While the present invention is described 
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below with reference to exemplary embodiments, it should be 

understood that the present invention is not limited thereto. 

Those of ordinary skill in the art having access to the 

teachings herein will recognize additional implementations, 

modifications, and embodiments, as well as other fields of use, 

which are within the scope of the present invention as disclosed 

and claimed herein, and with respect to which the present 

invention could be of significant utility. 

BRIEF DESCRIPTION OF THE DRAWINGS 

in order to facilitate a fuller understanding of the 
present invention, reference is now made to the accompanying 
drawings, in which like elements are referenced with like 
numerals. These drawings should not be construed as limiting 
the present invention, but are intended to be exemplary only. 

Figure 1 shows a conventional non-volatile electronic 

memory configuration. 

Figure 2 shows a high speed non-volatile electronic memory 
configuration in accordance with an embodiment of the present 
invention. 

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENT (S) 

Referring to Figure 2, there is shown a high speed non- 
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volatile electronic memory configuration 200 in accordance with 
an embodiment of the present invention. The configuration 200 
comprises a high speed volatile memory 202, a non-volatile 
memory 204, a controller 206, a power level detector 208, and a 
power storage element 210. 

The high speed volatile memory 202 may take one of several 
forms. For example, the high speed volatile memory 2 02 may be a 
high speed, dual port, dynamic random access memory (DRAM) , 
wherein internal memory cells thereof may be accessed via two 
separate data buses, as shown in Figure 2. The high speed 
volatile memory 202 could also be a high speed, single port, 
dynamic random access memory (DRAM), wherein internal memory 
cells thereof may be accessed via a single data bus. However, 
in the latter case, the high speed volatile memory 202 would 
have to be isolated from the rest of the system, as will be 
described in more detail below. 

The non-volatile memory 204 may also take one of several 
forms. For example, the non-volatile memory 204 may be a non- 
volatile flash memory or any number of other types of non- 
volatile memory which operate to retain previously stored data 
without requiring the constant presence of a power source. Such 
non-volatile memory typically require a high voltage to 
initially store data therein. However, once the data is stored, 
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it will be retained, even with a loss of power. 

The controller 206 may further take one of several forms. 
For example, the controller 206 may be a microprocessor, a 
microcontroller, or some other programmable or fixed function 
processing device. The controller 206 operates to monitor a 
data bus (Dl) , an address bus (Al) , and control signals (e.g., a 
read/write control signal (R/Wl) and a chip select control 
signal (CS1) ) that are applied to the high speed volatile memory 
202 so as to keep track of any data storage changes made within 
the high speed volatile memory 202. The controller 206 also 
operates to control the transfer of stored data from the high 
speed volatile memory 202 to the non-volatile memory 204, and 
vice-versa, as described in more detail below. The controller 
206 may accept multiple control signals (e.g., a mode select 
control signal (MODE SELECT) , a system reset control signal 
(SYSTEM RESET) , and a program control signal (PROGRAM) ) for 
controlling the controller 206, as described in more detail 
below. 

The power level detector 208 operates to detect whether the 
power supply (Vdd) is within or outside of a particular 
operating voltage range (e.g., 4.9 - 5.1 volts). When the power 
level detector 208 detects that the power supply (Vdd) is within 
the particular operating voltage range (e.g., 4.9 - 5.1 volts), 
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it provides an active power indicator signal (PI) to the 
controller 206. When the power level detector 208 detects that 
the power supply (Vdd) is outside the particular operating 
voltage range (e.g., 4.9 - 5.1 volts), it deactivates the power 
indicator signal (PI) to the controller 206. For purposes of 
the present invention, the power indicator signal (PI) may be 
active or inactive based upon whether the power supply (Vdd) is 
above or below a particular minimum operating voltage level 
(e.g., 4.9 volts), respectively. 

The power storage element 210 operates to provide power (P) 
from the power supply (Vdd) to each of the high speed volatile 
memory 202, the non-volatile memory 204, and the controller 206. 
The power storage element 210 also operates to store transient 
power for use by the high speed volatile memory 202, the non- 
volatile memory 204, and/or the controller 206. This stored 
transient power may be used when the power supply (Vdd) is below 
a particular operating voltage level (e.g., 4.9 volts), or 
whenever the voltage level of the stored power is above the 
voltage level of the power supply (Vdd) . The power storage 
element 210 may be implemented with bulk capacitance having a 
value, for example, in the hundreds of microfarads. 

The configuration 200 operates such that the controller 206 
allows data to be stored in the high speed volatile memory 202 
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using the data bus (Dl) , the address bus (Al) , the read/write 
control signal (R/Wl) , and the chip select control signal (CS1) 
in a conventional manner when the power supply (Vdd) is above a 
particular operating voltage level (e.g., 4.9 volts). In such a 
case, the power level detector 208 detects that the power supply 
(Vdd) is above the particular operating voltage level (e.g., 4.9 
volts) and provides the active power indicator signal (PI) to 
the controller 206. Based upon the active power indicator 
signal (PI), the controller 206 allows data to be stored in the 
high speed volatile memory 202 in the conventional manner by not 
blocking such data storage to the high speed volatile memory 
202. Based upon the active power indicator signal (PI), the 
controller 206 also monitors the data bus (Dl) , the address bus 
(Al), the read/write control signal (R/Wl) , and the chip select 
control signal (CS1) that are applied to the high speed volatile 
memory 2 02 so as keep track of any data storage changes made 
within the high speed volatile memory 202. Then, during periods 
in which the high speed volatile memory 202 is not being 
accessed via the data bus (Dl) , the address bus (Al) , the 
read/write control signal (R/Wl) , and the chip select control 
signal (CS1) , the controller 206 controls the transfer of stored 
data from the high speed volatile memory 202 to the non-volatile 
memory 204 using a data bus (D2) , an address bus (A2) , a pair of 



57983.000165 WASHINGTON 406961vl 



13 



Patent Application 
Attorney Docket No.: 57983.000165 
Client Reference No.: 16390SCUS02U 

read/write control signals (R/W2 and R/W3) , and a pair of chip 
select control signals (CS2 and CS3) . That is, based upon the 
data storage changes that have been made within the high speed 
volatile memory 202, which are known by the controller 206 
through its monitoring of the high speed volatile memory 202, 
the controller 206 controls the address bus (A2) , the pair of 
read/write control signals (R/W2 and R/W3) , and the pair of chip 
select control signals (CS2 and CS3) so as to simultaneously 
read changed stored data from the high speed volatile memory 202 
and write the same changed stored data to the non-volatile 
memory 204 using the data bus (D2) . Thus, the non-volatile 
memory 204 will essentially always have the same stored data as 
that of the high speed volatile memory 202. 

At this point its should be noted that the controller 206 
is able to read or write data directly from or to either the 
high speed volatile memory 202 or the non-volatile memory 204 
since the controller 206 is coupled to the data bus (D2) and the 
controller 2 06 controls the address bus (A2) , the pair of 
read/write control signals (R/W2 and R/W3) , and the pair of chip 
select control signals (CS2 and CS3) . Thus, the controller 206 
may read data directly from either the high speed volatile 
memory 202 or the non-volatile memory 204 for later writing to 
either the non-volatile memory 204 or the high speed volatile 
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memory 202, respectively. 

At this point it should be noted that, although the high 
speed volatile memory 202 is shown in Figure 2 as a high speed 
dual port memory volatile memory, as mentioned above, the high 
speed volatile memory 202 could also be a high speed, single 
port, volatile memory, wherein internal memory cells thereof may 
be accessed via a single data bus. In such a case, the data bus 
(Dl), the address bus (Al) , the read/write control signal 
(R/Wl), and the chip select control signal (CS1) would have to 
be isolated from the high speed volatile memory 202 via a 
multiplexing scheme so as to allow similar control signals from 
the controller 206 to control the high speed volatile memory 
202 . 

As described above, when the power level detector 208 
detects that the power supply (Vdd) is below the particular 
operating voltage level (e.g., 4.9 volts), it deactivates the 
power indicator signal (PI) to the controller 206. Based upon 
the deactivated power indicator signal (PI) , the controller 206 
blocks access to the high speed volatile memory 202 via the data 
bus (Dl), the address bus (Al) , the read/write control signal 
(R/Wl) , and the chip select control signal (CS1) . The 
controller 206 may block such access to the high speed volatile 
memory 202 in any number of ways. For example, the controller 
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206 may assert a continuous chip select control signal (CS2) to 
the high speed volatile memory 202. Alternatively, the 
controller 2 06 may disable the chip select control signal (CS1) 
be either sinking or sourcing sufficient current such that the 
chip select control signal (CS1) is in an inactive state. 

Based upon the deactivated power indicator signal (PI) , the 
controller 206 also operates to control the transfer of any 
remaining stored data from the high speed volatile memory 2 02 to 
the non-volatile memory 204. The controller 206 may perform 
this "last gasp" data transfer since the high speed volatile 
memory 202, the non-volatile memory 204, and the controller 206 
are all operating using the stored transient power of the power 
storage element 210. This stored transient power of the power 
storage element 210 is chosen so as to allow the high speed 
volatile memory 202, the non-volatile memory 204, and the 
controller 206 to operate at a power level that is above the 
particular operating voltage level (e.g., 4.9 volts) for a 
sufficient period of time to allow the "last gasp" transfer of 
any remaining stored data from the high speed volatile memory 
202 to the non-volatile memory 204. 

Once power is restored, and the power level detector 208 
detects that the power supply (Vdd) is again above the 
particular operating voltage level (e.g., 4.9 volts), the power 
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level detector 208 reactivates the power indicator signal (PI) 
to the controller 206. Based upon the reactivated power 
indicator signal (PI), the controller 206 operates to control 
the transfer of stored data from the non-volatile memory 204 to 
the high speed volatile memory 202 using the data bus (D2) , the 
address bus (A2) , the pair of read/write control signals (R/W2 
and R/W3), and the pair of chip select control signals (CS2 and 
CS3) . That is, since data stored in the non-volatile memory 204 
is not corrupted by a loss or reduction in power, the non- 
volatile memory 204 will have retained all data that was 
previously transferred thereto from the high speed volatile 
memory 202. Thus, the controller 206 may then control the 
address bus (A2) , the pair of read/write control signals (R/W2 
and R/W3), and the pair of chip select control signals (CS2 and 
CS3) so as to simultaneously read stored data from the non- 
volatile memory 204 and write the same stored data to the high 
speed volatile memory 202 using the data bus (D2) . Thus, the 
high speed volatile memory 202 may be restored with the same 
data that was stored therein prior to any loss or reduction in 
power . 

At this point it should be noted that, as previously 
mentioned, the controller 206 may accept multiple control 
signals (e.g., a mode select control signal (MODE SELECT), a 
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system reset control signal (SYSTEM RESET), and a program 
control signal (PROGRAM)) for controlling the controller 206. 
For example, the mode select control signal (MODE SELECT) shown 
in Figure 2 may switch the controller 206 between different 
modes of operation. For instance, in one mode (e.g., MODE 
SELECT = logic "0") the controller 206 may attempt to perform a 
"last gasp" data transfer, while in another mode (e.g., MODE 
SELECT = logic "1") the controller 206 may not attempt to 
perform a "last gasp" data transfer. 

The controller 2 06 may also accept a system reset control 
signal (SYSTEM RESET), as shown in Figure 2. The system reset 
control signal (SYSTEM RESET) may instruct the controller 206 to 
perform an initialization process within the controller 206. 

The controller 2 06 may also accept a program control signal 
(PROGRAM), as shown in Figure 2. The program control signal 
(PROGRAM) may instruct the controller 206 to submit to a 
programming process within the controller 206 wherein the 
operating code of the controller 206 is updated or replaced. 

At this point it should be noted that the configuration 200 
may be implemented in integrated circuit form, thereby allowing 
further benefits in terms of circuit board area savings, as well 
as reliability. In such a case, the power storage element 210 
could be implemented off -chip to decrease die size. 
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The present invention is not to be limited in scope by the 
specific embodiments described herein. Indeed, other various 
embodiments of and modifications to the present invention, in 
addition to those described herein, will be apparent to those of 
ordinary skill in the art from the foregoing description and 
accompanying drawings. Thus, such other embodiments and 
modifications are intended to fall within the scope of the 
following appended claims. Further, although the present 
invention has been described herein in the context of a 
particular implementation in a particular environment for a 
particular purpose, those of ordinary skill in the art will 
recognize that its usefulness is not limited thereto and that 
the present invention can be beneficially implemented in any 
number of environments for any number of purposes. Accordingly, 
the claims set forth below should be construed in view of the 
full breadth and spirit of the present invention as disclosed 
herein. 
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